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Root-Growth Stoppage 
Resulting From Defoliation of Grass 

Hy Fll.\NKLIN J. ~;I\IIlEH, ';11 ("Iltlror'. :'-O/iOIIO)' O/)SI'I-r'I/itma,7, l:\lI.roYpl"!/ Project, 
'Nllrser!! Dil.'i-SiQII, Soil ('olloY"r1i(l.fioll SCrlyicc 1 

SUMMARY 

Removals during the growing sen son of half 01' morc of til(' i'oliage 
of grasse;;-cool- alld \\'a I"Il HleaSon species i lleiud i IIg bu nc h, rhizolUil­
tous, and stolon i fieroll;; types-cal _~d I'oot ~!TO\\'t h tTl stop for a t: imc 
after caeh rcmoY:tI, with 011(' ('x('('ption, Th(' exc('ptionwas orellal'd­
grass (Dact.l/tis [110 In (!Nda ) nill'l' t he Ii I'st: ('/ i ppi Ilg. 

Aside from orchn.l'c1gl'ass, n single clipping that 1'(,l1loH'd mosl' of 
the foliage c:tUSl'c1 I'oot gl'owt-h t.o stop '1'01' periocis ranging :from 6 to 
18 days, Stoppng(' OCl'llI'l'NI IIslIall,\' withill :N hOllrs alld eOllt'inued 
until recovery of the top gl'O\d'lt \\'ns well advan('t..d. 'Vhen these 
elippings \\'ere repeated IWl'iodically, as in a sysienl of rotation graz­
i ng, I'oot gl'o\l'th of aU tl1l' g"asses i,topped i'or pl'l'io<is that- ranged 
from 25 to +5 days during- nil' gro\\'ill~' St'aI'OIl, 

The lwrcentag-e of )'ooff> that stoPPNI g-I'Clwtb \'ill'il'(iin IH'OPOltiol1 
to the pel'celltnge of the fol ing-l' t hat was I'emovt'd, 

,A sillgle' c1ippillg of DO IWITt'lli: of tl1(' foliagl' I'l'sullNl ill ('(Jlnplete 
l'oot-gl'o\\,th stoppage fOI'l T days. and l'elllO\'al of HO l)('n:t'lli: of the 
foliage calls(,d cOlllplete stoppage, fo)' l:l days, At file ('lid of the :1:Hlay 
tt'sL·W and .~ 1)(')'CI'I1I:, )'espediwly, of 1:1)(' I'oo/s still Wl'J'(' not g-I'()willg. 
Parlial stoppag-e O('('lIl'l'pcl nftt'l' single elippillg-s at till' 7()-, (j()-, and 
,,)O-pel'et'llt le\'(~ls, 

,Elreds of sueh elippillgs l'epeaJed fl'('quently-silllilal' to conti.nuous 
gl'azing--\\'el't~ ll1u('h 11101'1; S('\'el'l', :\ II 1'00t, g-I'o\dh fltopped aih'l.' the 
/irst clipping oJ flO pel'(,Plli of the 'foliage, and the ::-tilHes~a-week 
el ippi ngs that followed p)'ew'nted 1'(101' g-I'owth dII I'i Ilg- the whole test. 
l{oot-gl'Owth stoppage was sOIIll'\\-ilai less as ICSflC I' alllOllnrs of foliage 
\nll'C 1'('llIO\'C(l, but whel'e 70 pel'c-ell/; 01' mOl'e of the foliage hnd been 
tnkl'll rt~pentedl:r, no 1'001s Wt'J'(' g-I'owillg- at the end of I'll(' ;::I-day t:est,. 
Stoppage was also severt' wii'll I'epeiltecl clippings at· i:h(~ HO- alld [,0­
per('cllt .It'Vels, showing maximum stoppage of 100 and (;;; 1)('J'cent, 
respectivel}', at the close 01' tlw t('sl. 

Stoppage of root: g'I'OWH1 fn,ill'd to htk(' pl:lc(' ill bot'h till' Hing-Il' and 
I'epeated p('I'cl·ntngp-cl.i "pi ng tests ollly \dH'll :1:0 pl'l'cent 01' less uf the 
foliage WHR rcn)()vt'd. Til., balanc(' point in the l'ehttion of top n~dnc­
lion and root-growl II st'oppag-(' \\'HS {ounc! to lie bej;w('('.11 the JO- II nd flO­
percent clipping 1('vl'ls. 

Parts of bundlgl'lIss plalltS Wl're 'foUl1tl to fUllction in(\ept.'ndelltly 
so fllr lIR tlll~ effects of JoJ iaw' l'('IIIOVa 1011 )'oo! growth WPJ'(' cOllcerned. 
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Clipping of the folia~e of halves :md individual culms of plants 
stopped root growth for only those p:tl"ts. The habit of cattle grazing 
only part of It pllmt at a tilne seelns desirable. 

Reduction of the foliage of the W'asses affected root production ad­
versely. In the single-clipping serIes, the number of growing roots at 
the end of the 33-day test ran~ed fre:,) only 32 when \JO percent of the 
foliage was clipped to IH2 when 10 percent was clipped. In the re­
peated-clippillg series, the range was strikingly greater-from 0 at the 
90-,80-, and 70-percent clippin~ levels to 15g at the lO-percent level. 
Amon~ the 7 types of grasses that were clipped periodically-2 to 4 
times during the growi,ng season-the ovendr.Y roots of the unclipped 
plants 'H·ighed 8 times as much as those of the clipped plants. 

The drastic effects of the higher percenta~es of foliage removal in 
causing complete and prolonged root-growth stoppage, ilnd COI ... e­
fponding]y reduced root production, was reflected in poor development 
of the gmss plants. 

These data have particular application to soil conservation ilnd 
pastllre-man!l~ement pr:lctices. They empha!;illr that the ~rowing top 
canrlOt be reduced Inore tlmn half \\'ithout ad \"f.·I·sely atf'ectillg the func­
tioning of the root system and the plant as a whole. They are striki,ng 
evidence tlmt close /!J:allinl! 01' mowing durin/! the growing season is 
at the expense of stand establishment and maillt(,lIance. 

The complete stoppag-e of root /!r()\\th is of particular sil!llificance 
in eonsCI'vation fal'minl!. BeCall!;C of the eontinuolls suppression of 
nboveground /!I.'o\\'th and the inability of the plant to replenish food 
)·eserves. the effects of root inacti\'ity al.'e lasti.ng, Tbusweakened, 
the plant is less able to resist grazill/!, erosion, drought, cold, and 
disease. 

The conC'lusion is, therefore, that the successful use of grass for 
soil consernltion and pastura/!e is contiUl!elltin largc meaSure on the 
f'm.ployment of practices that preserve the closest possible balance 
between top and !'oot develo])I1l(·nL 

ll\"TRODLYCTION 

This ilwesi-i/!a.tion in('lucled studies oi' HIe (·xtent to whieh I'enlo\'al 
of t-I)(I 1'01 iage of grass causes root' growth to stop, n,n(] tllI'i n(J.uene(· 
of tllis !'eaCl'ion upon I.'oot p!'o(\uetion. As early as :I\)~7, the writl'r 
Obs(,l'\'ed it stTikin/!ly elm;!.' illi:PI'I'('lation bet\\,P(~n t'he opposite g-I'o\\·th 
terrnillals of citr'ns s('cclling-s I!I'()willl! ill 1!1ass-:fI"tHlt: boxes. The main 
roots ceased to elongnte and l'l'llIailwd illadin' for periods of ,~ to (j 
weeks dul'inl! Hle yearly I!l'Owth c,Yek of the plant, alld the growth 
and !'est p('l'iods of t-I1(' I'oot!; altel'llat('c\ with gl'owth and rest periods 
of the top. 

Studi('s with /!Iass-'frnnt boxfl;; nISI) c1is('los('d that' till' root I!l'owth 
of peach, plum, pl'ivet, alld pine seedlilll!s fil'opped 1'01" ;l tillle wft:el' 
the tops of tIl(' pl:tllts WPl'e cut back sc'\'pn·ly. TIl(' I'(wts of herbaccous 
plants I.ike",ise eeasNI to elolll!at:e \\'1\('11 tlie folial!e waS shol'l('lIed, 
Tobneco, t:onmto. alld eahbal!:t' \\'('1\' :UIIOlig the soft'-bodil'd plallts 
tested and found to bp so a trl'('h~d. 

Gl'ass was pal'f'it:ularly S(HISil iV(' 10 tlie n'lIIo\'a I of top g-I'o\\'th, as 
indicated by thl' pl'onl.ptlless ",iUI \l'llieh root l!ro\\'l:h stopped, Be­
cauSe of the majol' role 0:1' gl'ass ill holding and bui.lcling soils, as well 

:. 

:$ 


• 
i 

http:lasti.ng


5 

• 


• 


• 
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as ill pasturage, knowledge about the bc'havLot' oi' the )'oots inrelaJion 
to top reduction 18 of fundamental ilHpOI't:ance 1:0 conservati.on fllrming. 

REVIEW OF U'I',KRATLJRE 

Mn nyi nvestigid:ol's ha\'c l.'epOI'ted 011 Ule aClTel'se eft'eds of close a,nd 
fl'equellt clipping 01' grazing upon subsequpnt forage yields, Among 
them were Aldous (1),2 Canfield (3); C'l'ozi('r UJ); Elliot and Oar­
I'il'r (7); Hanson, Lon" a.nd Morris (.1/): Salll:pson and Malmsh'lI 
(1'1') ; Sarvis (18); and Tinkel' (:8;2), 

Othel' i l1\'pstigiltors Itaxe sIH)\\'1l that re.cluC'tion of the top growth 
likc\\'isc nffeets a(/wu'sl'ly tlw uncieq!ToulHl par.'ts of the plant. Bis­
\n'll and Wen\'el' (:2), i\'ol'king in .!\'·ebl'aslm with trauspla.nt:ed sods 01' 
j' gr.'asses, :tOlllld that dipping at U-day intel'vals ull.ltie<.l a relatively 
gl'('atel' (/t'('l'clIsl' in the I'l'oc\uC'tion of root:s than 0:1' tops, Gernert 
UJ), jn ('lipping tpst:s wirli nativc pr:lil.'ie ~!Ta:s:ses, and Ha.ITi:sou and 
Hodgsoll (IJ), with leading intl.'odw:ecl species of p:rasses, noted thn.t 
the yields oi' both the tuJCiergroll nd a Ild abo\'e~r(Jtllld parts decreased 
with the sen'rit:y of cutting, Sbpledon and Beddows (7.9) :found 
that: ~'('peated C'u.1ting of eOl:ksfoot (})((f'tyli8 glom.el'ata) cluring the 
growing s('lIson clt'tI'caseci til(' anlount: of both the hay and a:l't:el'lllath 
(TOPS, Jt: nlso I'educed the I'oot: system of til(' plaId and retarded .its 
gl'o\\'rh t. he '1'0 II o\\' inl,!: spl'i Il/!, 

Fitts (8) l'epol'tNI tlmt tlie kll~th of the I'(jotl' of tUl'f grasses in­
(,I'('ased ill direct pl'oportion 10 tlit' hei~lit to which d1e tops had 
gl'o II'Il , .Ha rl'i:son (U) eli pped .Kf.'ntllC'ky bltll'~I'ass (Poa ,,/'CdcJlsi!o;) 
Rnd !'C'd fescut' (Fes/W:I( I'IIb,'a) to Ji~' 1 ~~. alld :\ inches, at intcl.'\'ul:s 
of 1 \\'(,ek, 'fol' a p('l'iod of approxiIlJaJt'ly:24 \I'e(,kl', lit' fOllnd Hmt "thl' 
shol't('1.' the ~I.':\SS \l'as cut· :Inel t hI.' IlIOl'e tlit! leaf al'ea was reduced, the. 
sma lltol.' \I'a;: the qun n t it.r oJ 1'(lOi.::; prod uced:' .;\11 \' nitt i II~ of 8ol',qIi Ii 11/ 

lLalepell8c. ,my::; Stllrekie (,!I). l't'duct'S t'l1(' I'OOhil<l('k t\(on,loplllt'I)!'. and 
the mOl'(' fn'(llwJ.\t tile ('uti i n~ Ilip gl'f'al (II.' is till' I'cd ud iOIl. Li kp­
wise, Staplt'(\oll aile\. ~Jil.ioll (,!()) ::;hltl~ tllat Ilw Irlorl' Clr:lsti(' t·ltl' ('ut­
Ling of ('()('ksfoot, as HH',II'lUI'('d by the ·fI'NfI.ll'Il('Y and anlOllllt: of tIt'­
'foliatioll, th(' less \ras lite yidd of J'oo t:1'l , I'hizoilles, and tops. 

Parkt'r ane\. Sam p:SOIl (I-i.) ::;1: lIcI ied tlJ(' :11.1:1 IOlll i(,:ll st I'U('i:tII'C' of t. he 
l'ootS o:f 8tipCt lntlc!II'(( illl(IIJI'OlllllN IWI'r/('{l('( 1I.~, They 'foulld ilwf JI'l'­
quent l'elll0 Y'nI of aeri:t1 ~\'()\\'Ih l't'sliltt'd in a poorly clcn'lopl'd root 
stl'll('tUl'e, '.I'll(' diil.llletcl.' of the \dlOle I'oot, I'IIC dialllef('1' of the stelt'. 
and the number: of cludsin ('lipped pl:UltS \\'t'I'(' ill\'al'ial!ly snl:lll(,I..: 
rhan ill roots of unclipped plallts of Hll' sante H~(\. A:s ShOWll by 
Gl'allt'l' (10), ullclippec1 plants 0:1' Ken/u('ky bit I ('p:rass (/(>\'('10\,('(1 abull­
dant rhizomes while those clipped seven times PI'ot/ul't'd 1l01H.', 

Little in\'psti/!atioll iuto the cessld;ion of the l'OOt: gl'owtlt of plant:s, 
as influene('(\ by l.'elno\':r1 of the top growth, has been I'('pol'ted, 'Vb iIt, 
working with ('it I'IIS sl~edlil1/!s growing in ~lass-fl'(Il1t: bc)Xt~s. Cl'idc'l' 
(4) discovel'ed in ] H:n Ihn.! tlic I'ools stopped elol1g-ati II/! nI1d I'Pn1n.i ned 
hlad.i \'c fo!' i udeli !lite, pel'iolls. aile! I'C':-;t nnd ~I'()\\'t'h pl'l'iotis of t Iw 
roots alt:el'nated with the I.'!!st and ~!'owtlt p~'rioc1::; of the top, Latc'l'. 
in stlld'yin~ \\'e(lpinl!lon'~I'nfis (/i,'ril,qI'()8ti8 ('Iti,,/yltla) by tlte Sarne 
IIlCthod, ('riciN' (:7) foulld thni: tlw !'oofs of fj,!·-da,Y-old plants wltielt 
were cut b:t('k to within] .inch of the ~I'oulld stopped growth alld 
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remained inactive for 16 davs, The writer also found. that the roots 
of plants clipped to 3ind~es en~ry other day for .4.0 days stopped 
bJ"I,()\\"th and remained qu iescent for the l'nti re period. 

Parker and. Sampson (.7/j) worked \\'ith gl'asses gl'own in a nutrient 
solution in fl.'uit jars, They found that a. si.ngle harvesting of the 
leafage of 15-day-old BI'07lHl8 hordear:eu8 pla,nts "resulted. in anim­
mediate cessation of rObt gL'Owth, a function which did not resume 
actidty for 8 days." Robertson (HI) g-rew seedlings of Bi'omu.s 
inernds in 2-foot glass jars and noted the effect of top removal on 
root growth. Themte of growth of the roots down the sides of the 
jars diminished gradually when 28-day-old seecUinl!s wel'e ('ut to a, 
heil!ht of 1,5 em., lind the dippinl! was r('pl~at.C(l at int:ernrls of a 
little more than 2 weeks, GI'o\\'th then eeased fOl' 12 days befol'e the 
"oots st:lI.'ted to die bnek at the tips, 

METHODS OF OBSERY ATION 

III\'esti~atioll of the undel'ground parts of plants, without undue 
inh'derence with thp lIorlllal funeJioning- of the roots, presents ullllsua.1 
dittieuliies. It- was eSHPntia 1to obsNTe I'he roots in thei I.' I!rowi III! statl~ 
uncleI' as nearly natllra I eoncl iJions as possible. 'l',hree methods 0-( 
examintion wpre employpd, deHig-na.t:l'C1 as (1) glass-box method, (2) 
field-exca \'ation method, and (Y,) root-blacki ng method. 

GLASS-Box METHOD 

Except for sli~ht modification, the {'cchlliques used in the glass-box. 
method of study \yen:> the same fli-i thoi-ie tilE' \\Titel' ('Inplo},(,d ]Jrevi­
ollsly (4, .5). 'I'll(' g-rasses WCI'I:' ~I'()\\'ni II \\'ooc!en contai ners 2% inches 
wi.de, 24 .inches lon~, and :24 iHehe;.; deE'p, ilIi-iicL(, d inH.'nsions, The boxe!;! 
hild heavy g-I:u;s fl'onti-i \\-Ilich, twhn'cn ('xfuninn.t:iolls of H1e roots~ 
weJ'e pl'oteeted 1'1'0111 the li~ht by sbeets of tal' paper. Sitlall hoh~s 
in the bottoms of the boxes alld l-illch la,\"l~I'S of pebbles pl'ovided 
draillage, The boxes WCl'P filled fil'l1dy to within linch of t-IH~ top \\'.ith 
screened, uni:fonnly Jnixed, filiI' i-iandy loam soil. They were kept 
in a. :fOl'ward-tilted positi.on of appl'Oxiluately :)0°, which caused a 
higher pel'ct'ntage of the roots to remaill visible on the :face of the 
g-lass, The day-to-day record ings of root elongfltion were made 
eli I'eelly ou the glass by use of I'ed grease pencils (see fig. 1, p, 8). 

:F1ELD-ExCA,'ATlON METHOD 

The fielcl-exeavatioll method of study pxposed. repl'esentntive new 
nrain roots Jor obsernd:ioll in thpir 1Ut!:untl stilte, without disturbing 
the rest of the root system. The wOJ'k was dOlle i 1.1 the field dming 
midsulllmer. The soil \\'il~ ca.I'dully w:lshed away fl'om one side of 
file plants, so aB to I'el'eal {he fl'e:;:hly starting l'OOts, "7ithout undne 
exposure, small apica I seet: iOlls 01' the roots w{'I'e blackPrlec1 with 
rnoistened carboll b1a('k and sUl'l'ollllded illllllPdiately wit'h wet sphag-
IlUm, Moist bUl'lap wns then plaeed over t-he sphagnum and t.he whole 
(:ove'.'ed with soil to the ground len'1. Subsequent examinations to 
det:eJ'1I1 i ne the growth status of nil' ,'oots j'ollowi ng cl i ppi II~ wel'e 
IlHlde by lifting the btu'lap and gently I'cmovi.llg the sphagnum (see fig. 
u,'0 p...'I'»:.. . 
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ROOT-BLACKING M:ETUOI) 
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The root-blacking: method of:-;tucly rxpOnlyl all tlw ~rowin~ roots 
of tbe plant fOl' obselTa.tion, 'rhus. it pl'o\'idE'cl a Il)('ans of drtel'­
mining: the relation oJ top reductioll to tilt' root-~I'owth stoppa~e and 
to root produetion, It consisted oot' growing' tht' plants in sluall, Ill()\' ­
able, ('la,\' pots and billekill~ tlU' l'ooh-; so that till' white apical root 
~I'o\\'th made between examinations could he SPt'll, Moist:elwd carbon 
bbl:k, \\'hi('h is not injurious to the root's :Ind dissipates slowly in 
\\'att~rill~, was applied to the roots with a slllall. sot't bl'ush, The \I'lrite, 
growing root!:>, \\'11 iell chu,'at'tfrist:i('ally :follow t 11(' insicLe perimeter 
0:1' tht' poi'. \I't'r(' ('a;.:ily seell Hnd ('olll1i'pcl, To :f.aeilitate I'Plllo\'ing and 
h:uldlil1p: the pl:III(S, ::;hl'('lhll'd sphag'l1l1lll \I'as mixl'd with the potting 
soil. 'fll(' pots also \\'erp linfd with :.1 thin l<l,,'pr of S.pll:lgllllln so :I.S 
to O\'erlap lightl,v on top, .\ltpl'nate 1)larkinf!' and pXHnlinat'iOIl of 
the root;.: at d('finit(' int('l'nls n"'PHlpd jll'o!!,,'pssin'ly tlwil' gro\\,th 
status follo\\'i ng (' Ii ppi n!!, (see figs, 11 and 1:2, p, Ill), 

TESTS A::\'DBESCLTS 

Thl'pe ;.:ppciiie tpst'" \\'('1'(' usp(l ill attnining fh(' on'l'all purpose 0'1' 
this illvPstig<li'ion, Followillg is H dps('I'iptioll of tlH's(' tpsts. to!!'('thl'1' 
with all ollilinp of l'pslilt:, ,111(1 tnbl l':, ",hidl pl'p:,pnt the pl'I'i'illl'llt' clata 
in SlIlIlUHlI'y 1'01'111, 

CLIPI>ING ,\'1' DI.FI>1>1I1':""" ,r"TEII \ ALS 

The pPl'iodi('-('lippill!!, [psi ;-l'ITl'd ,\ twofold Iltil'poSP: n (',ollfil'lned 
the wl'i(('I"s IH'p\-ious OiJSPI'\':!t iOIl;': i hat' ,;l'I'USS roots :;top growth \\'hen 
til(' tops of thl' plants UI'l' (,lit iJ;l('k, <llld it d(,t('l'nliIlPd tl\(' 'lppli('aIJilit·y 
of t1H' pIH'1l0UWtlOIl of l'()o("f.!'1'(]\\,i'h slopp:lg(' t'o !!"';]SSl'S of di lI'prell!: 
growth habits, It S('I'\"I'(I abo as n nH'llS,lIl'P of thl' pfl'l'(,t' of mot-growth 
stoppagp 011 root' Hlld top P,'()dlldioll, 

'fhi;.: work \I'}lS dOIlP ill n !!,I'Pl'llhOllH'. usillg tlh' g'la;.:s-box nwtllOd., 
Eight !!,l'<l;':Sl'S "'1'1'(' stu(lipd, Tlrl'pP ,II'P ('ool,s('u;,oll sp('('ips-sllIootil 
brolllP [IJI'OI/IItN iI!I'J<lIIi,~), j;lll fl'!,,('ll(' (Fes/II(,(( (/J'/{I/r/illfINrt) and 
ol'cllHl'dgl':tss (/)((('/.IIli,\· ({hI/urI/Iff), .Fin' al'l' \\'aI'IIHi(':tSOll sppci('s ­
],Iol'i</;I. p:Ispalulll (/)fl'~·I}(rll/Jl1. t/())'ldrIlIUIlI), .Killll' }{alleh blupstplll 
(A,lId1'0PO[IO 11 isC'/zl!r' 11/1111/ ), S"· itc hg'l':ls:' (Puni(,11 /II l,jJ'i!(d lun), bIlle 
!!1':UllH (H()/{I~:!()I1(( [li'III'ills). nl1d,bl'l'mlld:lgl':I~E (('.III/Or/Oil r/(ll'tylO'lr), 

0111' g!a;.::::-II'ont Ilox \I':lS lI:-t'dlol' l';tch SPP(,lt'S, AII tlll' gl':lss('!" htlt, 
b('I'IIllId"!!'I';t;.:s, whi('Jr, \I':t!" SiH 1'1 I'd fl'Oll1 sprig'" oJ 11('\\'1,'· I'oot'('d stol()Il~, 
\\'('I't~ grown :1'1'0111 ;.:ped SO\\' II Ihinl.'"ll('xt to iJrp gla!"s, 

'YllPll 1:11(' ,'·Ollllg' plallts \\'P!'t' old enollgh for dill'pl'l'nt'inJion. they 
wcn' thinnpd te}:2 stl'Ollg'. lInifOI'lIlI,r dl'\'ploj>ed sp('('inH'1I8 i,n cacb box. 
spa('('d about 1 foot: :lJl:lI'L 011 I,\' J pl'llri ill (':rcJr box was dipped; t.he 
oil.H'I' \\':lsieft as til(' ('onil'Ol (fill', I), '''ai'PI' Hlld n complete :t'el'tiliz('1' 
.in solution \\'l'I'l' ,IPJlli('(1 Ullifol'lllly :H'Gol'dillg to the Hceds of till' 
plants, 

Till' ('OOI-R(,:tSOI1 ~I'''SS('S \I'(,I'P ('lipPl'd :\ tinll's to ~l/~, ~%, and 3 .illdH~S 
at tll(' first. St'(,OIH/. alld ilri"d ('Iippillgs, l'l'sl)('etiYl'ly, 'rile warnl­
SeaHon SIH'('i('s \\'('1'(' i'lipppd :IS 'follows: li'lol'ida paspalulu. ~~ ti.mes to 
2 inviles; King ]{all('Jr bllll'Stl'IIl, ;) tinH's to :2 inches; s\\'itehgrHSS, ~ 
timet, to:2 inches: alld b('I'llIudagl':tH!:i ;J tinl('s to 1 :inch. The first clip­
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• 


• 


• 




9 ROOT CIW\\-TI I :':TOPPAfil'; HI';~l'I:IT\(; FtW.\! (;J/Ac;c; 1)1':FflLIJ\TJOX 

• 


• '.'lCa-lrL 1+-- (Top. "pPII:-.itl' )Iii!.:."). SJllolllh 1l1"OIIII'!..!Tn ....... ((,o(d-~l'a ....fJlI .~!T:I"''''''1 :11 tin.) 
tiJIII' III' 1l." til'~1 I'IiPl'ill" rr" ;.!!c j",III"I, .\11 \i~ild,' 1·....1, Ill' "liJlJlI'I1 JlJ~I" 
~lfll'IJ(!cl ~ru\\·ill~ "'ilIJiIl :..: day ..... ll1l1 l"I"HJ;IiUl'd iU:wlh .. rut" 1:2 d;l.\ ...... ·1'1." .... (. ur 
Ill" l1llf'liPJll'd HaIti, "1IIillll"11 til ;.:rll\\', I l;a"(,dl'''1' i, ill I:! il",l1 ''Ilia 1""-. I 

I'"r(,{ I:i :.!.~-' J~(lltflll1. IIIif,o... j!(· 1',1:'::(+1. ~!Hlilltlt 1Il'Hlllf·:.!T;t ....... rlllf' ....:.auH· ..... JlP~·illll·1I H ..... 

H!!. II at thplilIlI' III' Iltt· .... f't·otld .<;il'lJill.!!. I Ifl ~:I :tlf'lll".... '. :.!;: dn~''''' aff!"t, 111£1 fir""t. 
,AU \ i .... ihlf· rHlll .... :--.1111:P('11 !.!.I'II\\ tit , .. i:hilj tlu' 111' .... 1 d:l,\ :lJul nolD.dlll'li 11Hlf" jYI' 
for 17 d:l,\'_ 'I'll"...;" til' Ih .. 1111' 'il'pn! ptiltl {'jJliliIJHl"tI 10 ~ru\\'. 

Fl,,! w ::.~ ,TnI'. tId .... Jl;I:..."'.~ ~lI\lIo!h Ifl"nfWI,~r;:j ........ rlu' ,.111:1' "-IJI'f'iIIlI'JI :1....; Ji~ .... , I
I 

:llul:!1 all/n'tilltl·,,!'liJl'lldl',I",:iI'J"m: It .. :lilo,'IH"'. Iii t1:I.\'<lt'tI'I· th .. "'·'·fllH1. 
.\It '-I-Hoi,' ),""" .. 1' t1 ... ,111'1,,'01 l,i;'"1 ,,1"1'1',,<1 :.:1''''' II, \\ illlilJ IJ,,' Iii'" <In,1 allli 
)'1'ln;lihl'fl iliaf'Ii\" 1'111' ..... dn~'. '1'11.11";(,.,1' HllcliPl'I'd 11:"ld 1"'lrfitlll{'d to gl'ti\\ 

• 

pinp: \\':t:- Jllat/I' a 1'11'1' 1111' plalll' I\pj'£' \\I'III"lnldi,lll"1. Till' jllilial 
IIIlt/nl ()I'llInlll 1'",,1, Iintl 1'1';\I'lu'" II,,· holl"lll' "i' Ilw II()\:£", altllllll' ,Pt' 

011" ,..,pI" () I' IIIa i It "Ollh \ \ ('1'(' [ I 0 l!l i I it'll{ '''' 10 IIg' I Ii,!.!:. [ ) . • \ ( I II!' I i 1IIl' IJ f 
,'IIJlpill~'. Ill!' jlll'il illJI Ill' (':1<'1, 111'11 1'11111 II n, IWI/'kl'" 1111 III(' ,!,!.'in",. 
1);1 \'-1 f)-ria \. 01 hI'J'\:II illl I- alld lllH l'id II!.!:", I III"'(':! 1'11'1' t'('I'I',tll'd I Ill' !.!1·o\\'1 h 
:-Iai II" (II' till' I'lloh. :--:II'·'·I'I't/ilJ,!.!.' f'lipl'ill~" \\1'1'1' r1l'l:iyl'" IlIllill!.(' pin Ill,.., 
I\'{'I'P \\'(,11 j'('f·Il\'l'J'pt!. \I illl :1 llllllJiIl'I' Ill' 1I!'\\. 1,1l1'11l:,lh adlll' 11111111 
"001..; JlI'('''£'I;1 I (i.!.!:.... :..! Hlld :; l. . 

Till' O!J"'I'IT:lljlJll'" "III'("'P";1 111l1'11I:!1 !.!.TIl\lill!.!.· ,..1':1"'(111 Ill' :..!Ii ,1111', rOl' 

Ill(' "()IJI''''('ll",oll alit! Ill; dar,. 1'01' till" \\:ll'il) ~!'a"'"! !.!.1';j""I'''••\( tho 
(,lid oj' i11l' .!l.'J'o\\ill,!.!' "'1';),..011. ilt(' I·[IC)!.' "I'l'!' \\<1,111'" 1'1'('1' ,d' 'oil. pho(o• 
.!'!I':Ij1lu·cI. nlld oll'IIII,·il"!. :tIlt! :111 1.1(1 (Ill' !JI·!·ulltd:t!.!:I:l'''' 1'(11)(' 111'1'1' 
\\I'j.~'hl'[ r. 

;,;. 
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TABLE l.-h.'ifect d~Lr1'n[l an enf,i'l'e growing season of severe tOll reduction 
on root-growth stoPl)aye (lnd root production 

Root produc­ •:Root-growt.hClipping tiou (on~lIdry
:>toppage w(,l!{h t) 

Species \ 

Gn­
Date cut Heig.ht Start .I~ura-\ Ttl Clipped clipped 

, cut.. bOil I .oa pl:lIlt plant 

Inches Day f)(l.ys \ /)(I.11S Grams I Grums 
21::: 2<L __ ]2Smooth brome ,])0_____________ '&.r· 28 

])0 _____________ lV ay 20 ~:\~I Ist._ li 
.Iul\' i .1st-_ 8 3i .1. 3 6J 

Tall fescue , 2 1·2f IsL_ .13 
1st- _ .12it· 28 

ay 20 2:'.11])o ____~=======-___ "_, ____ • __ 6.2 20.8i liit-_ i~)o Jul" 3Orchardgrass , _______ 28 21.~I none_ Ilone.Apr.
])0 _____ " __ • __ " - iV ay 20 2~'11 3d ___ .18
])0 _____________ 

.JUly i 3 4th __ i 25 4. Q 26.2 
F.lorida pnspalum 2____ .hily ]5 2 2<\"_ 1IJ)o _____________ 6 . ____________ • ___ __

.Iuly 29 2 liit-_ 
Do _________ liit-_Aug. 4 2 .10 
])0 ____________ .. 2cl ___ 9. 6Sept. 9 2 18 45 

KingJlaneh bluesi;eIll 2 _ .Juh- 22 2 I iit __ 8 
Do ________ - 2 2(\.._ iAu~. .12
Do ___________ -- 2 I~L _ 18 .Ii. (iSept. 9 

Swilehgrass 2_____ ,Iuly 22 2 .18l~t __ 
Do ___ -

-0 

Aug. 30 2 .1st. _ .\1 2\l 1.4 .Ii. 4 
Blue grama 2_____ - ,Iuh' 29 2 .I~L_ Ii 

Do ____ ._ Aug. 23 I 2 2(\.._ 13 :30 .(i 3. 8 
Bermuclagrass 2 ____ Ma\- 20 \ 

I I I~L_ \l 
Do ___ - - ,Iulle 21 I .I I~i' __ (j , 
])0 ___ Sept. 28 I 2('1-,. Hj 31 

-I 
, Cool HO"HOIl. 

2 \\'arm ~easotl. 


RESULTS 

The .I'oots of a II tilt' ~ra:'ises. I'x('epl (}n·ba I'd~rass, stopped ~rowth 
wllt'lI 11ll' foli.a~e was first ClIt' back (table 1). The "isil,le roots of 
n]] the 1,!:r:lSHeH ceaHed j-() ('lon~Ht(' nfter each slI('('eeding clippill~. 
Hoots of o !'t·h a rd!!l'ass \\'('.1'1' iIlac-li "(' :for an llllU"lIally lOllg period after 
Ule seeolld clippillg, (,ollll)(,lls:dill~ for tlH~ir :failure to stop growtll 
after ihe fil'Rt <:l ippi ng. 

Six days \\,as fhe shortest period of ('(1111 plete l'oot-gl'owth sf'oppa~l' 
aftpl' el ippi Il~. Th is followNI Ihe S(,('OIIl.l ('1 ipping of E'lol'idlt paspalulIl 
alld b€'rlilurla!!rass. '.1'11(' IOIl~pst pel'indsoi' complete Rtoppagewere Hi 
days, whieh fol1o\\,l'l.] i.llp firsl ('ulling of Hwit('h~rass. till' seeond cul'­
tin!! of ol'elwl'(l!!ra;,;s, tIlt.' third ('\lllin~ of Kill!! Halwh bluest!·w, aJld 
the fourth culling of Florida. pa"palulIl, Total ('ornpl('tp rool-gT()wth 
stoppil~e dIIri II!! the 1(',,(' I·all~t'd. :frolll 2:') days for orella nl~rass • 
(clipped:3 times) to 40 days for Florid.a. pa"pallUl1 (eliPPl·(1 4: fillies). 

No rool' !!I'o\\'t II :/'01' so I!reat· a. pari' of nl(' growill!! seaSOIl 1·f.·sl.tll.t>t1 
ina, trNnell(lous J'('duet-.ion in root pl'oduttioli (fi!!s. 4 and 5). The 
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• 


• 


J'lGn,F. 4,-~lllnuih 111'0111(>­
.!.!l'n:-::-; (t ht;, ::-;:lJlH} ~J)(~(:inlt;)1l 

as fi;..:", 1, :.!, :lIld ::: )-the 
W1I.!'hNI I'oots of tlu: 
('lip]lt'd planr (I('fi') and 
11i1t/ippl"(/ pIa nt (I'ighl') 
4U da,I'~ al'lC'I' tht' thir'd 
clipping, 

Flol'lm :i,-King H:Hldl 
hlw.'"t('111 ("'1f rlll-i'pa;':OI1 
g'ra",,) -t hp \\'a"hl'll ,rOIlt s 
or ('liPIWel planr (rig-fltl 
nllt! 11l1('lipP!'I.1 pl:1IH 
(1I'I't), -11 (bl,I';: at'i('r tire 
third ('lipl'ing- t<J:.! iIWIIl.'s . 
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roots of Ihe clipped plllnl:s \Y('i::r1u-d only onp-eighth as milch as the 
roots of the nnC1ippecl ones. This striking di/i'ereJlee in .root produc­
tion by dipped a.llcl unC1ipped plants was mnn.ifest as well in the • 
den'loprllent of the pJants as l\, 'whole. Compared withnnrnoJestecl 
p.lants. the ,mature, dipped specimellswel'e greatly laeking ill size 
:lnd vip:oJ'. 

CLIPPING IN THE :l<'lE1-D 

Conc1lldecl \\"ifh l!J'asses I!]'o\\"ing naturally 111 the field, the field­
elipping-test' IleaH with the efi'eds 011 1'001: growth of on'l'a11 top 1'('((lIe­
lion alld top rl'clm;tiol1 oi' parts of plants. The fil'st sen'eel further 
1'0 ('onfirrn the fad' fhat r,)oi:-I!]'o\\'th stoppngeis ael:llah:-cl by top 
]'('(i.udion, Till' seeond sPITed to show the fllnctional relationship 
of olle part 0'1' a bllJlchgrass plant to another, insofaL' as top reduction 
and 1'00t-gI'0\\"lh stoppal!e are concerlled. 

".el'pi ng .lon-grass (.8I'a.rJI'().'di8 ouri'Llla) and bl'eac1grass (Brachi­
((I'if( v,'izmdha), sUlIlrner-l!ro\\"i nl! bllllchgrnsses, were used in the over­
all top-redllctioJ\ phase, Sillgle sppcilnens of each I!rHss were starteu 
in B-inel1 pot!:' ill the I!TE'enhOIlSe, :lnd at the beginning of the growing 
;;e:\;;o,1l wpre trnl1splnntl-d to the fiE'ld 18 i.llc1ws apart in the row. A 12­
j:oot SP('('ion of .1'0\\' W:.I$ plantpd to enell gI'tISS. In l1lidsllmrnel.', aft:('1' 
Ihl' plants \\'PI'P \\'(,11 dp\"ploppd. till:' soil was wuslwd away hom OIH' 

side, '.1'11(' pxpnspd. fl'esh 1.\' I!l'Owilll! I'oots then wPl'e blaekel\(,d H Ild 

• 

VWI·m.; 1i.-Fi",ld-l'X(':I ":1 I ion IlIt'l hod of o!J!>('/'I'i Ilg' 1'(\ol'-g'l'owlh ;;t:oppag-e, Bread· 
gra;:s, g-l'oll"ill;':'II:1lur:IiI.,' ill Ih(' 1i('ld, jlll'!' '.Ift ..,1' Ih.., t"p;.; "f ""'I,'r~' 111'111'1' pi" II!' in •
1hI' 1'01\' Il'ld Ill'i'li ('III h:wk, I hf' "oi I w:I:-:hl.'d 1'1'1 'III 1)111: "illl,', and tlH' frl'Hhly 
llT()lI'ill;! ToolH I n,',II\'d :Jill! {'ol'l'l'pd, 
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TA.BLE 2.-Root-Yl'owth of weepin!! tovegl'ass a.n(t breadyl'ass, wow'in!!" 
natu.rally in, th.e field, 6 days after cUJ/piny to 2}6 inches 

A\'crage rootAcf'ivc main New mainelongation 6Plaut and No. Treatment ,'oots at time roo/·s 6 davsda,'s afteruf elipping after clippingciipping 

Wf"eping .lovegrass: ________________ l\'lI'IIIbcr iVlI'mber1 Inches 
CUpped __ ._2________________ 8 O. 50 0 

__ 63______________ Fnclipped 5. 25 ]3
Clipped ____4________________ 8 25 0
Fnclipped __ 2 G. 00 35___ . Clipped ____6 ... ~-- .. -.. -- 4 25 0________________ ~ (-ncUppcd __ 4i _______________ 4. i5 7Clipped ____ 5 IH 0

Breadgrass: 
]---------- Clippeci. __ 4 02 ______________ 3i

l-nclippedc __3 ________________ 3 H. 00 5
Clipped ____ 6 62 04______________ ._

5________________ Fllclippeci._ 4 S. 00 7
Clipped ____ 4 62 0G________________ l-nclippeci._ 5 I \). 50 9i ____ .. _________ Clippee! ____ r, I 5.'i 0 

• 
other'wise treated as described undt'" t'he fipld-excand:ion method, Al­
ternate plants in j-he row were then ('ut back to withillJ.lhindH~" 01' 
the ground, This .left an equal nllmber af planb; as ('Olltro]" (fig. (i) . 
The tip-blackened lUld the ('oJltrol roots \\'ere examilJed 6 clays later. 
Earlier observutioll was avoidptl. so ns IIoi: to disturb 01' pxpose the 
roots unduly, .A_ longpJ' h~st thall () days was foulld inlpradical. be­
cause of the tendency of Ow roots of till' 1I11clipped plullt:-; to grow out 
of bounds, 

SUI111npr-grow.i.n!! bunchgr'asses. weepill!! lOH'!!J'ass (gl'WIl'o8tis 
()'llTvula) , lind t'orJlgl'flSS (1'l'ipS((CllIlI dacty70idesL like",ise \,"pre used 
jn the fractional top-l'educl:ion phase. Haln's and indi"idua] culms of 
well-established plnnts I!Towing singly in thl' fipld 'n're dipped to ~% 
inches, without cutting back tJle rest of the tops. At the SHrne time. 
freshly growing roots of the dipped nnd ulIl'lipped pHrts were washed 
fl'ee of soi], blackened, and otherwise treated ns in overall top reduc­
t ion. ]~xHlnjnation 6 days later rpvenled the rplatiye growth status of 
the roots. 

RESUl~TS 

• 
Except for negligible "momentlllll" elollgation, the roots of tire 

clipped plants jn the overall top-reduction phase made no growth in the 
6-day test (table 2), On the other hand, roots of the lInclipped weep­
ing Jovegrass plants .ruade a comhined :;!Nel'age growth of 5.33 inches 
l\1ld those of breadgrass, 8.83 inches. None of the clipped plants 
showed new main roots, but the unclipped weepin/! ]ovegl'ass l)lants 
showed an average .of 7.7, and br'ead/!rass. 7. Figure. 7 shows the ex­
posed roots of clipped and UJlc.Jjpped weeping ]ovegrass pJants at the 
eJld of the 6-day test. 
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YU:L'I:I'; 7,-'I'wo pl:lnl" of 
\I'l'('pill"~ Im'l',!T:I:''' "Ilb- : • 
.i('I'it'd 10 til(' field-I.'xl':lY:l- " 
I iun 1Il1'1hni\ or root 
Uh"l'IT:ll:ion, wHll 1::11'­
\l:lPl'1' bnekllrop to show 
1'()(JI-gTOII'lll ;,: [.,1' ll:l,:!:l' li 
d:l,I':' afll'l' pl:llli :II: I'igllt 
W:If; ('\ i Piled ro :! I,~ i nt'lIl'S, 
'1'11(' hhl('k 1I1:ll'king,.: :,1I .. w 
Ihp Il'n,~lh or rhl' I:U()I:' al 
till' lillll' ill' (,\ippillg: IIH' 
\l'llif:l' (Ost('ll:,ion" 1:11(' 
:llllollnt 01' g'1'()wrh :I 1'1 1'1.'­

w:ll'd, TIt(' 4 m:ll'kl'd 
1'(JlII" (If till' ('I ipllt'd pl:lllt 
;<IOPpt'd ,~I'(lII'rlt l'X('(')11 
fol' Ihp IIpglig'ihh' "11111­
IIH'lllllm" l'long:lli<l1l ill ­

di<':H('d h,l- till' whil.' tips, 

fllld 1'('III:/iIlPd ill:II'ril'l', 

III ('0111 1':I:'i, IIII':! 11I:ll'kpd 

I'U()(:' 01' 1111' Illll'liPJlpd 

])1:1111" (,.llIlilll1(,(\ III ,~l'oW, 


l'I':I('llill,~' 1('llg'llt:, <II' :I h()11 I 

7 :l1lc! -\ i 11<'ltl'>', :llld \"11\'1'(' 

tll'P :.! 11('\\' IHl:-::I1 t'O()t~. 

I-'I(WI:I'; I',"""-Ill<lil'iilll:ll pl:lllt 
"I' lI'I'l'liill~ I()I'(,"~I':I"" "lIh­
.i!'('II'd 111 [II!' lil'ld-('s(':lnl. ­
I iOll IlIl't Ilo!! ur l'o()1 nlt ­
:'('1'\':11 iOll, willt 1:lI'-p;l(lI'1' 
il:I('k!! I'lIJl I () SltOll' 1'00[­
g'I'IIII' 1h ,,[ :1111" (; <1:1,1''' 
:11'1('1' I Itt' I,d'i 11:111' W:lt; 
('Iipp('d 10 :!I e ill('III':', ,\" 
ill 1ig'III'l' 7, tll(' lil:u'k 
Ill:ll'ki ll"~" ,,11011' i Ill' I('11;'!'1It 
01' lit!' I'lIlIl,; :I I till' I illl(' 
of' ,'liJlJlill"Q', alld rll(' \I'llil(' 
(':\I('Il:,iollS ill!' :IIIIIIIIII( or 
g'I,.,,,'1 h :1 1'1('1',,',1 I'!!, '1'111' 
-I" lll:ll'k..d 1'001" ill' 111(' 
('lipp('11 11:111' lIl' lit" pl:llil 
~I II \IP' 'II gI'll 11'1 II IIlld 1'1'-
11I:l i 111.'<1 i 11:1 ('[ i 1'(' lI'i r 11(1111: 
<lIl,I" 1Il'1I' IJil~:II 1'001:' 11:11'­
ill"~ rOI'IIIl'd, Ilil till' IIrll.,1' 
11:111", 111l' I Ill:!l'k('!! root" 
('III 11,'- \Iit-Illn') "I' 1Ill' 
1III,'IipIH'd 11:111' II!' 111(' 
pl:llli ('!11I1 i lillI'" III g'I'(I\I' , 
:Ill" (1",1'(' :11'(' '{ IIf'W 
I'!lIIls, 

• 


• 
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• FWURt: n.-Siu;!le ('l1lmH of 
....rul..;T;lS8 (detached fn'lII 
th!! "allle plaut') (; Ihl~'S 
aflel' "111m at I~i:..;ht: was 
clipped to :!'h ilwhe;;. 
Like the eli"II!!11 half of 
the plant ill figl1re 1'\, ill­
Ilh'illl1al en I III;; were 
f01ll1l1 to fl1UdiOIl iJllll'­
I>cudelltl~' of the mother 
1,laut imwfar' as top re­
tlnetiou auel ruot-growth 
slo""age are couepru!!c1. 
The:! uUII'ked l'Oot8 of the 
clipP!!d c n I III (ri;!ht:) 
:;;how 110 g-rowth, exec"t 
uegl i;!i I ,Ie ..1II.... lIIeu I: III II ,. 

l'lou;!aUou illllieat·ed by 
th(., white ti"s; th(! 1 
Illarketl "oot of the nll­
.:;iil'ped ('111111 (left) shows 
('xtellsin' ,::rowtll. aut.! 
thl'r!! is 1 lie\\' husa I root. 

The fractional top-n'dllction phnse revea.led that in e:le'h instalH:e the 
indi,'idllal parts fllnctioned independently of the rest of the plant, 
insofar as tI\(' efl'eds of top-gro\\'thl'cn)(l\'ld on t'oof-I!I'o\\'th stoppal!e 
w('re ('oncerned. The I'oots of th(, dipped pill·tS (If the plants-both 
ltah'es and cltlms-stopped I!t'o\\'th at till' tinw of dippinl! and WtlrC 
still inaetin' at: fhe end of the G-day tl'st (lil!s. H Illld !)). In contrast. 
the I'oots of thl' IIndipped portions cOlltinued nOI'l11al I!1.\l\\th. 

CLIPPING TO DIFFERENTPERCENTA(;E LEVELS 

The pel'centage-clipping- test i.neluded n levels of top redllction, 
ranl!i ng by tens from no to 10 percent. '.l'o detenn.i ne the relative 
cfted of. sillgle clippings ancl repeat 'd e1ippings: the test was con­
dlletedin t\\'o series, simllltaneously" 

• 

These tests covcred a ;3;H1a.Y pCI"iocl-no \ong-er because of the prob­
ability that the plants would become pot-bound and fllnction ab­
BOt"mally.. The worK waS done in the g'reenhollse using the root­
blacking method. The gr'a:-:ises in the repeated-clipping ser"ics were 
l~eclipped to the point of initial seveL'llnce each time the I"oot systems 
were eXalnined" 

Jiourteen examinations of the root systems were made at intervltls 
of 2 and:) days to deh~nll i ne prog-ressh'ely the growth status of the 
roots" The :)-da.y in tel'\'als i n('lude Sundays. 

Rhodes grass «(1/d0l'i8 (J(1'JlCtlla) waS used .in the single-clipping se­
ries mainly because its roots al~e Jal'l!e, gJ"(IW rapidly, and at"e easi.ly 
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• 

Fl(;I'R);; lO.-To\! of gl':\"" 

pi:! 11(:' ill;:"I't:l'd 1'1I11 t(,lIgt11 
illill lI':lll·r-IiIl(·t1 'I,OO(l,,',·, 
gl'atluil It'" rill' iiI'''!' stl'P 
ill d,'j:('l'llIillill,~ by \,,,!II­
IIIPll'ie di"p};i('l'IIl'"(' thl' 
""i II I of' ":""('I':llIl'(' ill 
1'l'I'(·... lIl:l;!.·-(·lippillg· 1.e,,('" 
Tllp tllill P:lP('1' (li"k 1'>1''''­
"Pili" (\,oIl1'i" 1'1'41111 rallill:.:' 
illt., ;!Tatl\lall' all(1 Il'''''''11 
ing HeCtll.':t<:y. 

oiJ:,l'I'\'P(l. Till'l'\' ;,!'I':t:':'\,:' II'\'I'P u:,pd ill lIlt' I'l·pl·alpd.('lippil1~ :'('I'ic:': •
11110<1('" ~I'a:,:" ,I II"UI'IlH'PHc'OIl ,,!wcip,.;: alld 1\:.(,lltll('k,I' hltll',!!l'a:':' (PO{f 

j!/'/l!£""i,,<) Hild "Ill()oth lll'ollH' (J.:I'O/llll,' i/III'II/;S), ('(lol-:'l';\::on :'pecie:', 
'1'1)(, :,(,pd:, 1\'('1'(' pl;llltPl[ ill ·1·-ilH'h (·la.I' por,.; filled wilh c:phagllulll ­

il'patpcl :,oil, ,\.:' jll'PI'joll::I.I' t\PO'(,l'il)pd, In Ihpil' early growth tll(\ 
JllHIIl:' \\'('1'(, thillJl('d t'o:1 i\l(1iI'iduab pl'l' por. 

A total of 1.-) pl:llltc'-rl1l' 1l1l1ll1)('1' ill ;) pO[S-II'C'I'l' clippNl at each 
1('1'('1 of lop I'ptllll'tioll, J)lIplil'alt' group,.; of IUIl'lipped plantsl\'('l'l' 
11:-1'(\ {'OJ' ('01111'01,.:. 

To illc'lI.l'P 1Illif(WIlI 1l1Oi:'[1II'p (·OIl(PIlt. 11H' pot,.; 11'(,1'(' plac('(i ill fil'll1l,l' 
pal'kpd jlPHtIlIO:-:-, T11l'.\' 11'('1'(' tlll'lll'd al'olllHI ill 1'1:1('(' fl'P(jllt'II!'!,I' 
!'IIOll,!!li to jll'PI'l'llt III(' 1'00(:- I'mll) !!Tll\I'ill.!.!' rhl'llll.!!h tilt' lira illagp holt,:,. 
Ol'l'11:,ion<ll. I1l1il'ol'lll nppli(·<l.tioll:' of 11 ('()lllpll'lP fl'I'rilizPI' ill ,.:o!utioll 
k('pi thp plant:- illL!,'I){Hl .!.!'I·ol\'illg condition, 

Clippillg' 11";\:- (Idl'l'lTd ulltil (;,' day:, afu'I' :,(,pdillg, wlwil I Ill' plants 

bil(l ":II'ol1;tly dl'I'ploppti lOP" ,LlHII'()(J1 :-.\'::;[(,111":. 

Till' [Joill! to wl1i('h till' pl<ll1l~ 11'('1'(, to II\' {,lit ha{'k 1\'",; dl'il'1'1IliIlPd 

hy \'OIUllll'II'jr' di:-plll('('l1ll')ll of lI'a[('I', .\. I,()()O-('(', gl'adllilte, with 
til(' lip 1'('1110\'('<1 :-0 that tl1l' folia!-!'p ()[ !l.1l' plant:,; ('ould be iml1lcl'secl 
['(JJllpll'tl'ly, II'U" .lilkd to Ill\' Iwill1 willi 1I',til'l' 1 fig, 10). 

~\. <li"k o/' thill. :-;tilJ' IHijil'I', I"illl a "lit ill (1I1l' ,.;idl' :111<1 a hole in the 
(,PI1[PI', 11';1:- pl:H'pci Ul'Ollllrf till' IIm,{' Ill' til(' p];IIH:-, Thi~ pn'I'PIlIt:'\1 <til,)' •dl,IJI'i:; /')'0111 I'nllill.!! illio til!' ).!T;ltill<lIP to I(';-":{'Il Ill(' :lC('UI':I('Y of tile 
d i:-p I ,1('(, III l' III 111I':\SlIl'PIIiPlIl, 
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The ;J plants iII each pot: W('l'l' I ifted tiS a 1I n it a.nd i 11 n~I'ted, The 


• tops "'el'e therl ill1ll1ersed full lell/!th i.nto the graduate, alld th(' diH­
placed water flowed On'1' HI(' sid(~, Nf'xt. H1(' plants "'('1'1' withdm \\'11 

nlld their displacelllent: noted, From this di::;pla('(·lIll'ni:. i'I\(' displael>­
ment measures of tl1(' c1e::;il'ed pel'c('nt:al!l~s of top I'edudioll \WI'e 
caleu lilted for each leVl'1. 

'Va tel.' \\'as tlH'n ac1dt'd to the !!I'ndllateuntil the urd.i1ll'd. Hp:[e(' 
equal,~d the diHp\aeenlC'nt nH'aSlll'l~ of the pC'I','('ni:n/!e of top to 1)(> I'C'-
11I0n~d, The top::; then \\'('I'e l't'inS('I'i:edin the /!l'a([lIaU' until the 
colurnn of \\'atl'l' w;)::' l'aiHNI io th(' bl'inl. 'J'he top" W(,I't: dipped with 
scissors at thpil' point of' ('ontal'i ,,'ith i"llE' wal('l'line at the brim 01: 
the gmduate, 

To meaSlIl'I: root /!I'o\\'ih at tilt' ::;i:u'i' of till' lest, till' pbllts \WI'I' 
lifted from thl' pots:2 days twl'OI'P i'h" Ii 1'::,1 l'lippin).!' and til(' PIIi'in' 
root mass was blne\;:('IH·(j with l\loistl'lwd carbon bla('k, .J IIHi' PI'P('l'd ill/! 
the actual elippi.ng. t'lll'Y ,,'PI'(' liftNI a/!ain and til(' ,,'hiil'. I!I'o\\'illl! 
I'oot tel'mi.llalH of th .. plallt;.: \\,pn' cOll.lltl'd: I'('('ol'de([, and IJ\aC'ln'l\l'd, 
Th is pl'o('e(\lIr(' \\'a;.: I'f'pl'aipd dllri Il).!' (':l('11 ;':lItTI'Nli "/! ('sa III inat: iOl\, 

Fsillg the initial I'ooi ('C)lIIli' as a. ba"iH, thl' Pl'I'C('llta/!p::, of I'oots that 
hn.d stopped /!I'()\\,ill a lid i'lIP pel'l'Pllt;I).!'l':-i of I!l'owi Ill! roots \\'('1'(' cal­
(,lIlatl'd, Til liS \\'as :-;ho\\'n. 1'1'0111 OIl(' e-X:1I11 i I\at ion to l he 'Il('xi:, I hl' 
/!I'o\\'ih sl:ahlS of the root", at pa.('11 of till' !l ('Iippil\i! len'ls, 

• 
'rhl' g-I'owt h ;.:hl h I" 0 f HlP I'oot", folio\\' ill/! ('a(' h l'1 iPIl i I\g and tlH' a \'1'1'­

ag-('H for tl1(' '1'1111 :;:l-day il!:-ii :-;110\\'('(\ til(' I'plnti\'(' (·Irl'l'f:" or the !) 

di 11\'I'('nl: Pl'l'(,l'lltHgl' Ipn,l;.: of tOJl n·d lid iOIl Oil I'C 'ot -growl II ;.:i Opp:lgl', 
Lik('\\'isC'. t'lll' 11111111)('1' or :Ieti\'p l11ain root" ",lIo\l'pd illl' I'l'latin: l'ffl'd 
of t:IH' 9 PI'f'('('Ili:lg(';, of top I'('dlldioll on I'(loi· pl'odlll'i iOI\. 

Rooi'-gl'O\\'t 11 Hioppa).!'r O('C'UI'I'P{\ h) HlIllp \'Xil'lli jill Ill' ;.:i n/!I,'-('I i ppi nl! 
Kcri(·,.; afu.'I'(·\'pI'Y n'dudion of thl' top by ,-,n pPl'('Plli 01' 1II01't' (iabll.' :;), 

l~()ot gro\\'th ;;f.0ppi.'d l'ol\lpll'ielyfor Ii' (\a.";.: a 1'1('1' n'lIlo\'a I of !)() 

percent of till' lop alld 1'01' I:! da,n; nftl'l' I'l'l11o\'al or :-i() Iwn'pl\i of I ttl' 
t.op, Th('I'l'aftel', :;t()ppa/!p ('Ol\lil\lI('(1 to rh(, ('1\(1 of illt.' ipsi' IlIli ",itll 
lessint('nsity (Ii~, II), A HpJ.' n·(\udion of tilt' top ai flip 70-. (i(1-, alld 
:;O-pel'l'I.'lIt 1('\'(·1,.;. 7H. ;-~(). and:! 1"1'1'('(' IIi' of ih(' I'on!;.: siOlllWd /!I'o\\'tll. 
Stoppagl' aJ tll(',.;('ll'\'(·I::; d"('I'l'aiied Pl'oIHlriiolla/(,I,\' as l'p('on·l'." I!l'owlh 
iIH'I'('aH('d bUI. ('olliiIIIlP{\ '1'01' :!.'-i. 17. :uHII·I· {I:I,n;, I'PHpp(,ti\T·ly, 

Xo iii:oppag" I'f'Hldtp(\ 1'1'0111 a i'op I't'dlwt i(ln of ·10 IWIT('lIt 01' I(':;~, 
I'll(' nllillber 0'1' :I(,tin.' lI1ain root;: of plallts diPW·d at til(' HO- and 

80-I)()I'(,f'lIt 1(,\°(-1:-; wu,; ~~ and:! Ip;':ii, I'PSIll'l'i'in·I,\'. a.t thl' ('nd thal\ ai 
tilt' be!!illning of the teKt:.\\'ii h slllalll'l' PI'I'c'('nt:l/!I'" 01' top I'l'c.\udiun. 
th(' IlUIllbl'I' of root" Was grpail'l' i·hall i'lll' init ial ('ol,IM-showing ~(j, 
:{(j, [,:2. (ll, (jH, ~) L 9:,), and \)i) 11101'(" root:;, r(·"ped in' Iy, at i: hei'O-, (j0-, 
f;O-, 40-, ;30-, :20-. nnd Hl-p('n'pni (' I i ppi n/! and IIll' cOlliroi 1('\'(·ls. Total 
root productioll, as l'xpJ.'psse(\ IJ,\' t he final ('ollnf:s of ihe 9 clippillg 
.h'\'els, g-mduah·d IIpwal'd '1'1'0111 :):2 ai; I:he (j()-p(,l'cenl' ll'n.'1 1:0 1:}:2 af: f1\(, 
JO-percent lew·1 and I;>'J at; the cuntl'ul len'!. 

http:elippi.ng
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co ""'" 
0.,3 
t"l 

~ 
'l'.·\HLg 3.-EJfec( on Rhodes [//'0.88 oj sinyle clizlllin{!8 to.9 different 11et'cenfa,ye l('vet8 

---.--------.. ..------------ ~ ~ -I Root-!!;r()\\'i h ;;;I,0ppllge I 

Top n~duetion' i '. ~-----.--.- Root ~ production t"' 
(p('r('('nt) '3d 1 ;'iih I ilh l.IOth 1 121.h I].Iih jl7th i 19th j 21~t 2·lth 12(ith 28th 31~t. 33(\ (main root.s) t'J

! 
0.,3I tillY I dllY . dny dny ! dllY . dny duy duy day day day day day day Z 
....--------.\··-I-:>e-r--·I'-p~er.-I·-p-,.'-r--I-,:,~~lc-,-'cr~l'-~,-:>e-,.--!--p-cr---'---

,---
Per- Per- PIJr- Pa- PtJr- Per- Per- Per- Num- .... 

o 
. "(''Ill celli I CI''11I. ! cent ('1"111 l'C'IIt I ft?'fll cent cent cent cent cen/ cent cent. cent ber t,;

\.10________________ -100 -11.10 j-IOO I-Ion 1'-100 -IO~J 11-100 -8:3 -81 -80 -83 -67 -(i! -40 -22 32 
~O-·--··----------l-~OO 1i-~20 j-~~O I-~~g -~~(} =~;3. =:; -li5 -52 -47 -48 -47 -29 -;I. -2 44 ~ ilL. __ . ___________ 1 78 10 ,10; cl. ..10 .)0 ,). -40 -31i -27 -25 -5 +24 +59 +26 70no______ .. ________ -50 -4il -151 -12 -J(j -11 -.12 +7 +17 +19 +33 +75 +87 +02 +36 75 f1l 
50. .... •. _______ -2 -3 -:3 -3 -4 -2 +4 +7 -HO +42 +107 +122 +114 +123 +52 94. \:j
40. _. __ . ______ +10 +21 +28 +40 ·HI +,I(i +50 +:34 +fi2 -Hi7 +76 +108 +118 +133 +61 107 t'J 
30.... _______ • +1i +27 +3il +47 +51 +57 -Hi1 -Hi!! +78 +8(i +97 +115 +13;') +150 +69 11.5 ~ 20.. _ +23 +:10 +41 +55, +79 +1001+111 +13·1 +1481+l(i7 +190 +204 +225 +224 +91 132 
10. . . ----, +28 +01 +7(; +!12 .1!+IO.') 1+ 10;3 j+ 128 +1:31 +179 +200 +2Uj +22:i +230 +238 +93 132 o 
('hrek). +2!l +57 +il +!l5 + 117 +119 + 137 + 1:3(i + 181 + 190 + 211 + 227 + 231 + 238 +95 135 ~ 

. ! 1 > 
.~ .--- -----_.­ - o 

I )Iinu':: i'i!!;11 indi(:ut(';; proportion of rool" not !;rowing (-.100 indicntes no growth), Plus sign shows the percent increase in growing ~ 

root,,:; on:or th(~ ucti\'C roots nt the \)C'gillnillg of test. C 
o 

~ 
~ 
t"l 
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If.l~HJ: 1 L - Ltc"ll lUU ... :--t'-" "I' H.Ilodl, .... !.!.l'il~'" !'PU1'" (Id f1'l11H I iw'h ill't ... ;1:: days 
Hn,,!' .. ju:..:.h· f'iiIJldtl:..:. ... to dlnf-I'pIII 11'\1'1 ..... l.pO 111 rh.:.lu. lItitil' l('tllIll'flI'~ itt, 

:!fI. ;:0. 10, :ill. no. 711, '", ;If!d ~1I'ld'l'f'''H! "I' tlH' lltp pI' rlu' Id~llIt 11~1"" hfll'll ('lil J )JPd 
Hfr ~r\\p qa.' ... IH'f"n· t jjl'pitl;":' 'lit' l'oot ... Lad ~1f'I'L j"al']\.l"llf·d Till' '\hil(' f'lltlt .... 
aft' 111'\\ ;.....l'II\\ {II 

• 

Ft(~f HI I:.!. Ito.,t 1Ila ......... "h.; or Kj>l~t'wl\\- IdlJf'~!T:t .... ~ l'j'llltl\!'d frotH l-iw It J'ot ..... :lrt£lr 
l't'lal';'itr'd '·UPl'ill.:.! .... fo ddll"'I'!~~ it'~l"j'" d''il~ i!'~ ;1 ::;! dil.' !/&..... L L,-fl tll l'l;..!hl. 
Uti!;.' 1l'llltlt'lI, ~. IH, :.!II. ::(1. til, .~Itl, Iii'. 711, "H. H1nl :111 Ju'rl'l r.t or tIlt' luI' 11j" IItt' 

lilalll 11;1111""'11 'ill'l,,'d .. I: ,If d, lil~'l • j PI II,..: ;iI.d I Ill' l'inrtl- \\,,1',' 1'111 I,a,'k I" 
tlio",,!" (r.",,-; .. i J ! 1114('''. "I \' l' ... L,·'llf"1 ":irtl'irJ!...;. rid> t·tlltl .... II:HI 11l'I'll hln"'iP'JH'd 
'1'1 ... wid I" r.."!, ",. 11<'\\ ;':I"\\'/. 

• 
T11P l'uII/- Ill' all ;: !,!j':I"'" .1l/-pl'd til till' ~1I1-1'!'1"'I'lil II'n.1 ill Iltf' 1'('­

11l·;III·./-' li l'll!ll;,! 'i'ril" Iii!,!', I:! I -ltI!'[H.r! !,!IIIII II!!,! "flllll'll'll'ly \\ IIf'II lil',,1 

"Iq'lll.r! .1I1d "I,lttiIJfU·./ :11:1,'1 ill' r"l~ lilt" l'I'IlWlliIll'I' of du' ::::-dny 11';-;( 
I t a I"I'll, 

Li];:I'lI'i"I', ""lllt']!'/!' lllll! IH'f'llJ'tll!'liI "I"-:tlillll oj' ]'IHiI .!II'!lIYlil louk 
pla"I' lit ot!II'j' ,'111'I'iH!,! JI'",I',:I- 1',,1111\\,: ,\[ ill!' ,,1111I'I"'('lll Il'n,1 _ 
HbCJlI,,, !II'a" :lJ'I,,]' II,,· 1~1 "'l'l'il!!!'. :11111 1\,!'Htll"I,y I,]II!'!!]':I" :tllli 
"ltlflfltll !,]'fllJlI' afll'l' t!.t· 11!1"liIJl,ill!!~::It 1111' ,II 11l'!""'II[ !t·n·1 1nil 111[',.; 
,!II'a"" :trip)' I Ill' ;;d c'lil'l'il!!.!;, .1\1'111 It..),,' Idlll'!.!;I':t" a i'II'I' tIll' --til ,' li l'l'ill f!.', 
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TABLE 4.-E'ffect on J {ji'{/88e8 of /'epeated tlippings 109 dille/'('ilt lH!?'('enla,qe lel'eTS. (TOp8 wel'l? (''lit back to original 
~clippin,r; /e/'f,7 3 11111e8 a 1cee~:.) 

nJ-lOI)I~S (,RAS'R 
>"l 
t!'.l 

Root-growth ,.;t.oppagc I I 
' Root

Top re~\u('tJon 	 I 1 I ------ pror\lIetion ~ 
C'l 

(pencnt) 3d : 5t h , 7t h , 10ih 12th, 14th 17th, I !)th I 21.;;t 24th 2fjf,h! 28th 31i;l; 33d I (main root~)II' ~ duy !. day , day , day \' day day day day day day day day day duy 
t:I:li-------------- C1 

I 
t'

Per- I Per- Per- Per- Per- Per- Per- Per- Pcr- P,!r- Per- Per- 1"61'- Per- Per- Nllm- t"' 
t'l('en/ I cent cent enH, cenl cenl ("ell t cent cent catl cenl c('rl/. cent, cent cent ber 

9(L_______ • __ •.. -100 ,-100 -100 -100 1-100 1-100 1-100 -100 -100 -100 100 -100 -100 -100 -100 0 1:2 zSO___....... ,. -100-100 1-100 1-100 :-100 1-100 '-100 -100 -100 -100 -1001-100 -100 -100 -100 0 
70____ .... _ _ -Hi -fJ3, -HO ;-1(}0 '-100 i-IOO ,-100 -100 -100-100 -.100 ,-100 -.100 -100 

1
-100 0 .... ....(10•._____ =_~_ .' -80 -83 jl -75 '_75 ; -01 I' -!J1 -85 -8:~! -8:3 '-83 -HI!' -H7 -H7 -100 -100 0 

50.___ -8 -1.1 -.17 -17 -15 -25 -(l2 -78 I -78 I -71) -(i!l -(il) -Ii:) -ii2 -2.5 23 
o 
I.:> 

40___ .... +10, +12 I +1') +11 +12 +13 +13 +1:3 +171 +13 +20 +10 1+21 +2ii +10; :)0 
:30 ____ .-- +!) +10 1+13 +1:3 -j-!) i +12 +W +14 + 14 1 +1(i +12 +2:) I +:30 +5:3 +2{\! 7i) ~ 
20___ ._ +lii: +!) +Ii +S +s! +11 +11 +14 +11 +27 + (i:) +(i5, +l!fi +8fi +30 (i5 
10______ .. + 1\) , + 10 +28 +28., -\-20 l +13 +10 +1:3 +1) + 10 . +:JO +40 I+li4 +no +36 I 7(j ~ 

(check). .. -.-----, +18 +1:3 I +11) +2n I + 28 1 +20 +35 +40 I +(;1 I +55 ! +7(i +87 +101 1+ 123 +481 86 	 t:I 
t'l 

KENTUCK ,- BI,UBC: IlASS ~ 
-"'.- .--. , I I I I I I I I , I I ~ 
no____ ..•. ___ ._ -~90 -~?~) -.20? 1-.200 1=100 =100 ,=100 1=100 =100 =100 1,=100 ,=100 =100 =100 )=100 0 >80______ . ____ ... .II .).3 1):3 I !)8, 100 100 100! 100, 100 100. 100 100 100 100 i 100 0 	 o 

;:0~O.--- .. -- .. --- -?7 -~2 -81 i -~I) I' -!~! -8~i i -n~ I -0:3 i-l~0-100 i-IOO -100 i- IOO -100 '-100 0 
~o__ ._ ... -----.-.i -?-I -,3!) -,I~ 1-?2, -6n.. -7~ -?l) -70 -!,3 -8~ -?~ -1~0 -I~~ -I~O -100 0 h 
nO ____ . . _____ ._, -.38 -40 -2h -M -2!) -2n -2·l -27 -:38 -4:) -:>:3 -62 -bi) -b:3 -73 42 c:: 
40._ •• ···.· ____ •• _1' +:3? t~1 +~i? I +n +:,;~ +:'7 +?~ +~1 +~~ I+I?I 1 +~7 +?O I+!)2 +1)2 +78 1(l3 ~ 
30 ______ .. ____ • __ +.3,3 -rhO +J;J 1+110 r-j-.!-fJ +1-0 +13;3 +1:37 +1.3;) 1+1.31) ,+1.37 +1.1S ,+144. +148 +102 171 ~ 20 _________ • _____: +50 +70 +111 :+110 !'.j·12(j +12!) +12!1 +1:31 +1:37 1+14:)+149 +14711+154 +154 +111 180 t!'.l
10______ . ___ . _____ ' +(il +101 +1:3:3 !+1-I7 +Iii:i +W7 +170+181 +17H +170+183 +H)7 +221 +224 +1:)7 227 
(chl'!:kL ... ___ .•• _ +40, -Hi:) +81 I +H(i +1[,;) + 187 +221 1+227 +223 1+201 +211 +211) +229 +231 +20(l 295 
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~ 90________ . _______;-100 '-100 l-rOO-102 -100 -100'~1O0 -100 '-100 1-100 1- 100 -100 -100 -100 1-100 I oSO_______ ----- ____ -SI -79' -82 -0, -100 -100 -100 -\()O '-100 ;-100 .-100 Cl
-100 -100 -100 1- 100 I o :e

70____ -- --- _____ -7(i -57 -(j·l -72 -87 -S;i -SO -90 -!)O ii' ·-!l2 I -94 
-14 :ao-94 -!).t -100 .-100 I o60_.___ ________ -3(i. -2 -2: -8 -25 -19 -.II -II -S -II -0 -59 37 2650_____ ________ -.13' -I) -2 -10 -7 -II -\3 -7 -18 I -32 -30 -32 -5.91- 1-3n -35 -2:i 42

4(L__ '"--____ +8 +10 +IS +20, +13 +10 +S +9 +8 +19 +32 +f)7 +(i(i +07 +.;, ~ 141
30____ -_,,___ +8 +13 +13 +1.5' +17 +15 +27 +31 +35 +37 +39 ITJ+43 +57 +68' +6;' 100 ~ 
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IlL.__ +12 +Hi +23 +2(; +29 +21 +34 +26 +43 +44 I +53 +70 +80 +87 +77 IOi) 

i . +104 +Ill +89! Hi7 ~ -----. t"l 

I ~linll~ "i~11 indicates propori ion of rl)Ois not growing (-100 in(lieuteR no growth). PIIIR Rign :iho\\'!'; the percent increase in growing l:tl 
root", oycr ihc aeii\-c roots at b\'gil1ning of te~t. t'l 
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and smooth brome. after the 13t,1I clipping-; all~l ilt the 60-percent 
IHel-Kentucky bluegrass after the 111·b clipping-. and Rhodes grass 
after the 13th clipping. • 

As in the single-clipping series, the root-growth stoppage was gen­
era]]y less when less of the t01) was remoyecl. and no stoppage occurred 
"hen 40 percent or less of tIle top was remon~d. In contrast to the 
sil1g-le-cli:pping series, however, the root-gr'owth stoppage increased 
"ith rept::ated clippings. 

Neither Rhodes grass, Kentucky blueg-rass. nor smooth brome 
clipped at the 90-. SO-. and 70-percent len,ls had allY growing- roots 
nt the end of the 33·daT test. These)j p.Tasses. clipped at the no· and 
fiO-percent lenls had an a\-erage of 57 and 35 fewer growing roots, 
respectiwly, after the .last dipping than before the first. 

Occurring first at the 40-percent c1 i ppi ng 1e\'eL the l1ulnber of g-l'OW­
ing roots in excess of the ol'iginal count incrensed \\'ith ]O\H'I'ed per­
centages of top reduction. TJ)(' :In'l'Hge increase in the number of ac­
tive main roots of the 3 graf'ses was +:2 aJ the 40'percent .len], (i4 at 
the 30-percent l£:'\'£:'l, 70 at the :2fl-percent 1e\'el, 90 at the lO-p£:'n.:ent 
level, nnd 114 for the conh'ol plants, 

In totnl root production, the a\'ernges of the 3 gl':l.sses at the 9 ('lip­
pin;! ]('\'(I]s gl'ndaJed npwn I'd frolll 0 a.t the 00-, SO-, and 70-percent 
le\-els to 150 at the IO-percent le\-el, ancl to 18=3 at the c:ontl'Olle\'el. 
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